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Abstract
This research study investigated the impact of cathodic protection techniques on samples of AISI
1018 carbon steel rebars secured in concrete structures. One reference sample was tested without
cathodic protection and without chloride contamination in the concrete. A sample that showed
pitting corrosion was tested in a chloride contaminated environment to observe a “worst case
scenario.” Finally, a sample of rebar in 3.5 weight % NaCl concrete was tested after undergoing
cathodic protection application for 24 hours. Electrochemical tests performed include open
circuit potential, electrochemical impedance spectroscopy, and cyclic potentiodynamic
polarization. OCP first allowed the system to reach steady state. Then, Nyquist, Bode, and CPP
plots were obtained under electrochemical testing. The EIS testing showed that polarization
resistance increased for the cathodically protected sample in comparison to the corroded sample.
The corrosion current densities obtained from EIS testing led to calculation of corrosion rates.
While the ideal reference and cathodically protected samples had comparative corrosion rates,
2.45 mpy and 11.06 mpy, respectively. The corroded sample’s corrosion rate was over 47 times
larger than the cathodically protected sample, at 525.42 mpy. Upon visual inspection, the
reference and cathodically protected samples showed no extreme signs of metal loss or pitting
corrosion. The corroded sample, however, had lost 23.7% of its volume and showed pits that
indicated pitting corrosion.

4

List of Figures
1. Corrosion of rebar steel in concrete ...................................................................................11
2. Samples without chloride contamination and with chloride contamination ......................13
3. Corroded rebar in concrete sample ....................................................................................14
4. Three-electrode electrochemical cell test setup .................................................................17
5. OCP results for reference sample with and without chloride contamination ....................20
6. Nyquist plot for ideal reference sample in calcium hydroxide solution ............................21
7. Nyquist Plot for corroded sample in calcium hydroxide solution with 3.5 weight percent
sodium chloride..................................................................................................................22
8. Nyquist Plot for sample with applied CP in calcium hydroxide solution ..........................22
9. Bode Plot for ideal reference sample in calcium hydroxide solution ................................23
10. Bode Plot for corroded sample in calcium hydroxide solution with 3.5 weight percent
sodium chloride..................................................................................................................23
11. Bode Plot for sample with applied cathodic protection in calcium hydroxide solution ....24
12. Tafel fitting illustration ......................................................................................................25
13. Cyclic Polarization Potential curves for reference, and cathodically protected rebar in
concrete samples exposed to chloride contamination in calcium hydroxide solution .......25
14. Cyclic Polarization Potential curves for the pre corroded rebar sample ............................26
15. Plot to compare icorr and Ecorr of each different sample......................................................27
16. Rebar steel from the ideal reference sample after electrochemical testing ........................27
17. Rebar steel from the corroded sample compared to an untouched sample ........................28
18. Rebar steel from the CP sample after electrochemical testing ..........................................29
19. Nyquist plot for steel rebars in 3.5 weight percent NaCl contaminated concrete..............30

5

List of Tables
1. Composition of concrete by weight percent ......................................................................12
2. Solution Preparation Summary ..........................................................................................15
3. Summary of costs for experimental procedure ..................................................................19
4. Critical values obtained from the cyclic polarization potential graphs..............................27
5. Diameters of untouched and corroded rebars ....................................................................29

6

Executive Summary
Motivation
Failure of concrete structures due to corrosion is a detrimental but avoidable disaster. This
phenomenon creates issues of both safety and economics. Concrete is the most widely used
manmade material in the world. Steel corrosion in concrete structures creates a drastic durability
issue because the corrosion mechanism will attack the concrete and weaken its strength [7]. One
unfortunate example of the devastating consequences of corrosion of rebar in concrete surrounds
the Surfside Condo collapse in Miami, Florida. This failure caused the loss of about 100 lives,
countless pets, and many personal belongings to be destroyed. This failure could have been
avoided through proper corrosion monitoring and mitigation techniques, such as cathodic
protection. This study aimed to develop cathodic protection techniques that can assist in preventing
failures such as the collapse of the Surfside Condominiums.
Results
Electrochemical testing through open circuit potential, electrochemical impedance spectroscopy,
and cyclic potentiodynamic polarization confirmed the benefits of applying cathodic protection
techniques to rebar steel in concrete structures. Nyquist plots, Bode plots, and cyclic
potentiodynamic polarization curves were used to determine polarization resistance, corrosion
current density, corrosion potential, and corrosion rate for samples of rebar in a chloride free ideal
concrete environment with no applied cathodic protection, corroded rebar in a solution containing
3.5 weight percent chloride ions, and rebar in chloride contaminated concrete with applied cathodic
protection. Data obtained from these testing techniques showed the ideal reference sample to have
a corrosion rate of only 2.45 mpy. The corroded sample, however, had a much more severe
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corrosion rate of 525.42 mpy. Cathodic protection applied to a sample with chloride
contamination, however, allows for the corrosion rate to stay much lower than this, at only 11.06
mpy.
Conclusions
The primary conclusion drawn from this study is that cathodic protection is a valuable technique
used for corrosion control and mitigation. Pitting corrosion was found in the sample of corroded
rebar steel. By applying cathodic protection to rebar steel in concrete structures, the rebar becomes
a cathode in the electrochemical cell. This change allows for better protection of the structure as a
whole by assisting in the prevention of this pitting phenomenon. Cathodic protection also helps
combat corrosion when the concrete has been contaminated by chlorides, which is commonly
found in most concrete structures. While cathodic protection can not replace steel that has already
corroded, it can help prolong the time before corrosion occurs.
Implications
This study produces many positive implications. The opportunity to research in a corrosion
laboratory allows for educational benefits that expand beyond what is capable of being achieved
in only a classroom setting. Research participants were active in the lab for an entire academic
year in preparation for finishing this study. Knowledge of laboratory materials and solutions as
well as electrochemical testing techniques and how to evaluate them with the appropriate software
was drastically expanded. Aside from laboratory experience, this study also allowed for an
improved knowledge of cathodic protection requirements, techniques, and conclusions on rebar
steel in concrete structures. Above all, this study can now be used to assist other industry
professionals to improve their concrete’s durability and lifespan. This improvement will allow for
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better protected concrete structures and thus decrease failures due to corrosion of rebar steel in
concrete structures.
Recommendations
It is recommended that further testing and research should be done to confirm and expand the
results discovered throughout this study. Similar applications should be explored such as
investigating effects of cathodic protection on samples with varying concentrations of chloride
contamination within the concrete. This study focused on 3.5 weight percent chlorides in the
concrete mixture. Studying other compositions would assist in making these conclusions more
applicable to bridges, highways, and other real-life applications because chloride contamination
would not be a set value across the board. Also, this study ran electrochemical tests on samples
with no corrosion and on a sample with severe pitting corrosion. It is recommended that tests
should be run on samples with varying degrees of corrosion behavior to gain a better understanding
of how to apply cathodic protection techniques to achieve protection on mildly corroded rebar
steel.
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Introduction
Corrosion occurs under the existence of an anode, cathode, electrolyte, and a metallic path.
Oxidation occurs at the anode, while reduction occurs at the cathode. The electrolyte provides a
path for ions, and the metallic path serves to provide a flow of electrons. These four aspects of
corrosion are present in reinforcing steel within concrete structures. A passive oxide film forms on
the steel’s surface, and corrosion occurs.
Corrosion of rebar steel can cause many issues in civilian lives, including issues that involve both
safety and economics. Damage to rebar steel can cause corrosion related failures to buildings,
bridges, highways, etc. Other safety consequences caused by corrosion of rebar steel include
explosions due to gas leaks, release of toxic products, and pollution, and consumption of natural
resources. Other economic consequences caused by corrosion of rebar steel include replacing
corroded structures, overdesigning to combat corrosion issues, and time lost during shutdowns to
repair corroded structures. Overall, corrosion costs the United States $300 billion annually.
One commonly used method to control and mitigate corrosion on metal structures is to utilize
cathodic protection. The objective of cathodic protection is to reduce corrosion by creating a
minimal difference between anode potential and cathode potential. There are two different
techniques involved in cathodic protection. Those choices include either utilizing a sacrificial
anode or impressed current cathodic protection (ICCP). This study focuses on impressed current
cathodic protection. ICCP protects the structure by applying current to the cathode from the anode.
It uses an external power source such as a rectifier. A rectifier converts AC power to DC power.
There exist two important criteria for achieving cathodic protection of a structure: the voltage of
the metal must be -850 mV versus copper sulfate or more negative, and it must also read at least
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100 mV of cathodic overpotential versus native. If both of these criteria have been reached, then
cathodic protection has been achieved on the metal structure.
Background
High alkalinity of concrete creates a passive film on the surface of the steel. Over time, this passive
film dissolves as both carbon dioxide and chloride ions collect. The breakdown of the passive film
creates a distinguishable potential difference between the active region and the passive region.
Water and oxygen presence near the steel will induce corrosion of the rebar. This process is
explained through the following equations [3]. Equation 1 is the anodic reaction. The cathodic
reaction is represented by Equation 2. The products of these two reactions then react with one
another, and this is shown in Equation 3. With oxygen, the product of equation 3 can react
following Equation 4 and Equation 5. Without oxygen present, the product of equation three will
follow the path of the reaction shown in Equation 6.
𝐹𝑒 → 𝐹𝑒 2+ + 𝑒 −

(1)

𝑂2 + 4𝑒 − + 2𝐻2 𝑂 → 4𝑂𝐻 −

(2)

𝐹𝑒 3+ + 2𝑂𝐻 − → 𝐹𝑒(𝑂𝐻)2

(3)

4𝐹𝑒(𝑂𝐻)2 + 𝑂2 + 2𝐻2 𝑂 → 4𝐹𝑒(𝑂𝐻)3

(4)

2𝐹𝑒(𝑂𝐻)3 → 𝐹𝑒2 𝑂3 + 3𝐻2 𝑂

(5)

6𝐹𝑒(𝑂𝐻)2 + 𝑂2 → 2𝐹𝑒3 𝑂4 + 6𝐻2 𝑂

(6)

Overall, the corrosion of rebar steel in concrete structures weakens the integrity of the
reinforcement by shrinking the supporting cross-section area of the steel. This corrosion cell is
modeled below in Figure 1.
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Figure 1: Corrosion of rebar steel in concrete
With specific regard to corrosion of rebar steel in concrete, one major contributor to corrosion is
the presence of chloride ions. Chloride can be introduced to the environment through sources such
as seawater or de-icing salts. Small amounts of chlorides can cause a severe problem. In some
environments, chloride content of only 0.2 weight percent with respect to the weight of concrete
can launch corrosion activity [4]. Chloride can attack through the pores of a concrete structure and
will then accelerate the corrosion rate of the rebar steel. Once enough chloride ions build up at the
interface of the metal and the concrete, the ions will break through the passive layer. Under the
mechanism of chloride induced corrosion of rebar steel in concrete, the moisture found in the pores
of the concrete act as the electrolyte, and the area surrounding the cluster of chloride ions serves
at the cathode [5].
To mimic this environment, concrete used in this investigation contains 3.5 weight percent sodium
chloride contamination. The primary testing goal of this study is to explore effectiveness of
impressed current cathodic protection techniques on rebar steel in concrete that contains 3.5 weight
percent sodium chloride. The composition of the concrete used to encase the rebar steel is broken
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down in Table 1 shown below. There was also one sample created with no NaCl to be used as a
reference.
Table 1: Composition of concrete by weight percent

Ingredient Weight %
Cement
14.9
Sand
29.7
Gravel
44.5
Water
7.4
NaCl
3.5
Total
100
The rebar studied in this experiment is AISI 1018 carbon steel. Each rebar sample is about 8 inches
long, and 3/8 inches in diameter. The rebar was encased in 6-inch-deep concrete structures.
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Experimental Procedure
Rebar Samples
For this experiment, samples of rebar encased in concrete were used for testing. One sample of
concrete was created with no chloride ion contamination. The purpose of this was to provide a set
of ideal reference tests. Sodium chloride (3.5 weight percent) was added to the concrete mixture
for the contaminated sample. Images of each sample type are shown in Figure 2 below.

Figure 2: Samples without chloride contamination (left) and with chloride contamination (right)
A third sample was also tested to showcase results of a sample of rebar steel that has undergone
severe corrosion. An image of this worst-case scenario rebar sample in concrete is shown in Figure
3. The corrosion of the rebar created severe cracks in the concrete, so the rebar had to be removed
from the concrete to further examine the metal.
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Figure 3: Corroded rebar in concrete sample

Electrolyte Solution
The solution used to test the first two samples was composed of calcium chloride and deionized
water. The calcium chloride was measured with the Fisher Science Education Scale and mixed
into the deionized water with the INTLLAB Magnetic Stirrer. The corroded rebar sample used a
slightly different solution as the electrolyte. Since the concrete providing the chloride
contamination was no longer encasing the steel, sodium chloride was added to the electrolyte for
this sample’s testing procedure. Contents of each solution are explained in Table 2.
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Table 2: Solution Preparation Summary

Sample
Electrolyte Content Ratio
Reference 2 grams Ca(OH) 2 per 1 liter DI water
CP

2 grams Ca(OH) 2 per 1 liter DI water

Corroded 2 grams Ca(OH) 2 per 1 liter DI water + 3.5 weight % NaCl
Electrochemical Testing
Electrochemical testing was conducted with a Gamry Reference 600 Potentiostat through a threeelectrode cell. The working electrode was AISI 1018 carbon steel rebar. The counter electrode was
plain steel mesh. The reference electrode was Saturated Calomel Electrode (SCE). EIS is a nondestructive technique that uses sinusoidal voltage waveforms over a large range of frequencies to
measure polarization resistance.
The three electrochemical tests performed were open circuit potential (OCP), electrochemical
impedance spectroscopy (EIS), and cyclic potentiodynamic polarization (CPP). These tests could
be performed back-to-back for each sample in the same solution. There was no set up or adjustment
required in between tests. The OCP test was ran first to allow the sample to achieve a resting
potential. The next test ran was EIS which applied alternating current to the sample and produced
Nyquist and Bode Plots. The final test was CPP, which scanned the applied potential. CPP testing
resulted in a corrosion rate value using the following equation:
𝑖𝑐𝑜𝑟𝑟 =

𝛽𝑎 𝛽𝑐

(7)

(𝛽𝑎 +𝛽𝑐 )𝑅𝑝

𝜇𝐴

𝐶𝑅(𝑚𝑝𝑦) = 0.129 × 𝑖𝑐𝑜𝑟𝑟 (𝑐𝑚2 ) × (

𝐸𝑊
𝜌

)

(8)
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where CR is corrosion rate (mils per year), icorr is corrosion current density (µA/cm2), Rp is
polarization resistance (Ω cm2), EW is equivalent weight, ρ is density, βa is anodic Tafel slope (V),
and βc is the cathodic Tafel slope (V). For the cathodically protected sample, cathodic protection
was applied at -0.544 V vs SCE for 24 hours before undergoing these tests. A cathodic
overpotential of -344 mV compared to the reference sample was sufficient for succeeding with
cathodic protection applications [14]. Since SCE was used as the reference electrode, -300 mV vs
SHE was converted to -544 mV vs SCE.
The testing setup is illustrated in Figure 4. Results obtained from these electrochemical tests were
used for analysis and to draw conclusions.
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Figure 4: Three-electrode electrochemical cell test setup
Once electrochemical testing was complete, the concrete was broken carefully with a hammer to
allow for further examination of the rebar steel as well as the effects on the concrete surrounding
the steel sample.
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Laboratory Safety
Personal protective equipment (PPE) for these experimental methods includes long pants or skirts,
long sleeves, gloves, close toed shoes, lab coats, protective eyewear, and either short hair or pulledback long hair. Also, additional safety precautions were utilized for protection from COVID-19.
Face masks were worn at all times, and social distancing of maintaining a distance of at least 6
feet from other individuals was prioritized. All equipment was thoroughly wiped down before and
after use to prevent the spread of germs as effectively as possible. Additionally, hands were washed
regularly. Laboratory equipment was always used underneath the laboratory hood. Along with the
equipment, the workspace was always cleaned and wiped down before and after use.
All dangerous chemical solutions used throughout testing were disposed of properly. To ensure
safety of other individuals in the laboratory, all test setups were disassembled when not in use. In
all laboratory rooms used throughout the course of testing, locations of fire extinguishers, safety
showers, and emergency evacuation routes were noted in case of any emergency when they could
be needed.
Standards
The primary standard used as a basis for this investigation was NACE SP0408-2014 Cathodic
Protection of Reinforcing Steel in Buried or Submerged Concrete Structures [1]. This standard
outlines criteria for cathodic protection, as well as design and installation practices of cathodic
protection systems for rebar steel in concrete structures. Knowledge obtained from this standard
was crucial for analyzing and drawing conclusions from data obtained throughout electrochemical
testing and experiments. For specific experimental procedures, ASTM G3-14 Standard Practice
for Conventions Applicable to Electrochemical Measurements in Corrosion Testing [6] was the
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primary standard followed. Aspects utilized from this ASTM Standard include configuration and
treatment of all electrodes, proper disposal of all dangerous chemical solutions, and continuous
monitoring of all tests throughout the research process.
Budget
The total budget for experimental research includes both cost of materials/facilities and cost of
labor. For purposes of this research study, labor was only performed by research students. As a
result, there is no cost of labor for this research study. Also, all experimental procedures were
performed in the University of Akron laboratory facilities. These laboratories are free to use for
University of Akron students. Therefore, the cost of facilities for this study was also zero dollars.
Therefore, the only costs considered in the total testing budget are cost of materials. Table 3 below
summarizes the cost breakdown of all materials used throughout experimental testing. The total
cost sums to $13,800.
Table 3: Summary of costs for experimental procedure
Material
Gamry 600 Potentiostat
Plain Steel Mesh (CE)
SCE (RE)
NaCl
Ca(OH)2
Hammer
AISI 1018 Carbon Steel
Gamry Vista Shield
INTLLAB Magnetic Stirrer
Fisher Science Edu Scale
Personal Protective Equipment
Copper Wires
Glassware
Other
Total

Cost
$10,000
$100
$100
$20
$20
$30
$100
$1,000
$50
$2,000
$100
$30
$50
$200
$13,800
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Data/Results
Open Circuit Potential Data
OCP measurements were taken before performing EIS or CPP tests to allow the system to first
reach a steady state. Running OCP for each sample allowed for identification of each OCP value.
This OCP was necessary because it allowed for the following electrochemical tests to run in steady
state.

Figure 5: OCP results for reference sample with (red) and without (blue) chloride contamination.
No cathodic protection has been applied on either sample.
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Electrochemical Impedance Spectroscopy Data
EIS testing was performed after the OCP tests. The EIS results provided Nyquist and Bode plots
for evaluation. Nyquist plots are beneficial because they relate real and imaginary impedance.
Bode plots display the frequency response by changes in phase and magnitude. Nyquist and Bode
Plots for all samples are shown below.

Figure 6: Nyquist plot for ideal reference sample in calcium hydroxide solution
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Figure 7: Nyquist Plot for corroded sample in calcium hydroxide solution with 3.5 weight percent
sodium chloride

Figure 8: Nyquist Plot for sample with applied cathodic protection in calcium hydroxide solution

23

Figure 9: Bode Plot for ideal reference sample in calcium hydroxide solution

Figure 10: Bode Plot for corroded sample in calcium hydroxide solution with 3.5 weight percent
sodium chloride
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Figure 11: Bode Plot for sample with applied cathodic protection in calcium hydroxide solution
Cyclic Potentiodynamic Polarization Data
CPP curves were generated for each of the samples. This test provides data on corrosion current
density (icorr), corrosion potential (Ecorr), as well as the anodic and cathodic Tafel slopes. Figure
12 shows how Tafel fitting was performed to obtain anodic and cathodic slopes [10]. Then the
CPP curves are compared for each sample in this study.
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Figure 12: Tafel fitting illustration. The anodic slope (positive) and cathodic slope (negative) are
represented by the corresponding dotted lines. icorr and Ecorr are located where these slopes intersect.

Figure 13: Cyclic Polarization Potential curves for reference (blue), and cathodically protected
(red) rebar in concrete samples exposed to chloride contamination in calcium hydroxide solution
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Figure 14: Cyclic Polarization Potential curves for the pre corroded rebar sample

Table 4: Critical values obtained from the cyclic polarization potential graphs. Corrosion rate was
calculated using Equation 8. All other values were obtained from the CPP graph. The extreme
anodic Tafel slope of the corroded sample correlates to the high corrosion rate.

Anodic Slope Cathodic Slope
CR (mpy)
(V/decade)
(V/decade)
-0.204
0.2954
0.2088
2.45
-0.677 2523885152
0.0435
525.42
-0.518
0.6448
0.1051
11.06

Sample icorr (μA/cm2) Ecorr (V)
Reference
Corroded
CP

5.37
1150
24.2
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Ecorr vs Icorr
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1.E-05
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Reference

CP

Corroded

Figure 15: Plot to compare icorr and Ecorr of each different sample. icorr is lowest in the sample with
no chloride contamination. icorr increases slightly when cathodic protection is applied to a sample
with chloride contamination. The sample with known corrosion showed a much more severe icorr.
Rebar Visual Results
After electrochemical concluded, the concrete was broken closely examine the steel rods. The
reference and CP samples showed no visual difference from their initial inspection. The corroded
sample, however, showed signs of pitting corrosion and severe metal loss.

Figure 16: Rebar steel from the ideal reference sample after electrochemical testing. No significant
signs of corrosion or metal loss are visible.
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Figure 17: Rebar steel from the corroded sample (top) compared to an untouched sample (bottom).
Visible metal loss and pitting corrosion are observed. As pictured here, the left end of the sample
has not lost much diameter because that section of the rebar was the top of the sample. The diameter
decreases as it gets closer to the bottom of the sample.

Table 5: Diameters of untouched and corroded rebars. The height of both rebars is 203.2 mm. The
corroded samples shows 23.7% less volume than an untouched sample.

Sample
Untouched Corroded
Top Diameter (mm)
8.4
8.4
Mid Diameter (mm)
8.4
7.1
Low Diameter (mm)
8.4
6.4
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Figure 18: Rebar steel from the CP sample after electrochemical testing. No significant signs of
corrosion or metal loss are visible.
Discussion and Analysis
Figure 19 shows a typical Nyquist plot for steel rebars in 3.5 weight percent NaCl concrete
structures. This plot was used as reference from literature [11] when evaluating the Nyquist plots
produced from this experiment. These plots showed that polarization resistance increased for the
cathodically protected sample in comparison to the corroded sample. The ideal reference sample
exhibited the best polarization resistance, which was expected because this sample was not
exposed to chloride contamination.
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Figure 19: Nyquist plot for steel rebars in 3.5 weight percent NaCl contaminated concrete
Cyclic potentiodynamic polarization curves were produced to draw information such as corrosion
current density, corrosion potential, and corrosion rate. Anodic and cathodic Tafel slopes were also
obtained from the CPP graphs. Tafel slopes and corrosion current density were used to obtain
corrosion rates for each sample through Equation 7 and Equation 8. These values are defined in
Table 4. Patterns in the CPP data were similar to the patterns found in the EIS data. The corroded
sample showed the most undesirable behavior, with an extreme corrosion rate of 525.42 mpy, and
anodic Tafel slope of 2523885152 V/decade. This sample also had the most negative corrosion
potential at -0.677 V vs SCE. In comparison, the cathodically protected sample showed drastic
improvements. The corrosion rate was lowered to only 11.06 mpy. Cathodic protection, along with
all other techniques to mitigate corrosion such as sacrificial anodes and chloride extraction, does
not entirely solve the problem of corrosion. These techniques are only effective in controlling the
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spread of corrosion, not diminishing it entirely. This is evident by the corrosion rate of the noncorroded steel in an ideal environment. This sample only exhibited a corrosion rate of 2.45 mpy.
This low rate is because there are no chlorides in the environment to accelerate the corrosion
phenomenon.
Further testing is recommended to be completed to confirm and expand on the results from this
study. Further testing could help explain any experimental error encountered throughout this study.
Sources of possible experimental error include technical errors with the potentiostat, and proper
care and cleaning of the rebar samples. Possible further testing ideas include running the
electrochemical tests for a longer period of time, as well as using concrete with higher chloride
contamination ratios. Also, further imaging could be used after electrochemical tests to evaluate
the presence of pitting corrosion more deeply. Possibility for improvement is always present, but
this experimental procedure provided a thorough analysis of the effects of cathodic protection on
AISI 1018 carbon steel rebar in concrete.
Marketing
The conclusions drawn from this study can be used as a crucial tool toward improving the integrity
of rebar steel in concrete structures. The first step toward using the conclusions from this study to
improve corrosion control and integrity of rebar steel in concrete is to gain support and approval
from The Association for Materials Protection and Performance (AMPP). AMPP was formed in
2021 from the merging of the National Society of Corrosion Engineers (NACE) and the Society
for Protective Coatings, formerly known as the Steel Structures Painting Council (SSPC).
Conclusions in this report should be submitted to AMPP for support, publication, and further
research on the topic. Publication through AMPP will make this information a convenient resource
to all members in this field of study because AMPP is recognized around the globe as an authority
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for solutions to corrosion control. Recognition and support from AMPP will also help create a
stronger demand from companies that could benefit from this analysis.
Aside from gaining support from AMPP, this report should also be marketed toward concrete
companies to maximize lifespan of their product by utilizing cathodic protection techniques to
maintain integrity of the rebar steel. Companies could use this information to run similar tests to
the ones in this experimental procedure on their own rebar steel.
Scale up Economics
The conclusions drawn from this study should be scaled up to accommodate real world
applications. The scale up process begins with acknowledging corrosion protection methods such
as sacrificial anodes, chloride removal techniques, and cathodic protection. Cathodic protection
was explored in this study. The cathodically protected sample of rebar in concrete showed a
corrosion rate of only 11.06 mpy. The sample of corroded rebar has a much higher corrosion rate
of 525.42 mpy. This data suggests that applying cathodic protection before corrosion occurs, the
lifespan of a metal will increase to 47.5 times that of the initial lifespan. Applying this data to real
world applications, however, will not show the exact same results. This is due to outside factors
such as environment, chloride content, moisture, and concrete composition. However, corrosion
of rebar steel in concrete is the most common cause of concrete failure and applying cathodic
protection would certainly reduce the frequency of those failures. Failures due to corrosion of rebar
steel in concrete is an issue that the United States pays over $8 billion annually to control. While
external factors will not allow for the exact same 47.5 times improvement from corroded steel, the
improvement will certainly still be drastic. So, cathodic protection techniques will save the United
States government billions of dollars every year. The testing budget for this study proved that
cathodic protection is a relatively inexpensive procedure, especially when considering the money
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saved by avoiding failures. Cathodic protection installations in North America on average cost
$21.87 per square foot [12]. For real world applications, cost of labor and certain facilities will not
be negligible (as they were in this study). In addition to the extreme monetary benefits that cathodic
protection provides, a scale up application would also save lives from being lost due to failures
such as bridge and building collapses. Additionally, limiting failures and the need to manufacture
concrete to replace failures has a great environmental impact. Concrete is the third largest
contributor of CO2 emissions. Manufacturing cement accounts for 5% of the world’s CO2
emissions [13]. By considering these economic, safety, and environmental factors, it is apparent
that scaling this process up to fulfill real world applications is a beneficial choice all around.
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